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Constitutive IKK2/NF-κB activation in IECs induced mild inflammation 
in the colon and SI. To study in vivo the epithelial-intrinsic role of 
NF-κB in intestinal tumorigenesis, we generated mice expressing 
Figure 1
IKK2ca expression in IECs induces NF-κB activation and mild intestinal inflammation. (A) Immunoblot reveals increased IKK2 expression and 
reduced levels of IκBα in SI IECs from IKK2caIEChom mice compared with IKK2casFL littermates. (B) Immunofluorescent staining with anti-FLAG 
antibodies shows IEC-specific expression of FLAG-IKK2ca in IKK2caIEChom colon sections. Background staining in the lumen of the IKK2casFL 
colon results from incomplete removal of luminal contents. (C) EMSA reveals increased NF-κB DNA-binding activity in nuclear extracts from 
IKK2caIEChom SI and colonic IECs. (D) Representative endoscopic images of colons from 8-week-old IKK2casFL and IKK2caIEChom mice. (E) 
Quantification of MEICS showing no significant colonic inflammation in 7- to 9-week-old IKK2caIEChom (n = 10) mice compared with IKK2casFL  
(n = 5) littermates. Data are presented as mean ± SD. (F) H&E-stained sections show crypt elongation and increased immune cell infiltration in 
the SI and colon of IKK2caIEChom compared with IKK2casFL mice. Note the lack of Paneth cells in ileal crypts in IKK2caIEChom mice (indicated by 
white arrows in inset). The black arrow indicates a mislocalized Paneth cell. Scale bars: 50 μm.
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Immune cell infiltration and increased cytokine and chemokine expression in the gut of IKK2caIEChom mice. (A) Immunohistochemical staining 
for Gr1 and F4/80 reveals increased numbers of granulocytes and macrophages, respectively, in colonic and SI cross sections of 6-week-old 
IKK2caIEChom mice. In the SI of IKK2caIEChom mice, F4/80-positive cells accumulated around the crypts, while in control mice, macrophages were 
mainly found in the villi. (B and C) qRT-PCR analysis shows enhanced expression of a subset of proinflammatory genes in the colon (B) and the 
ileum (C) of 7- to 8-week-old IKK2caIEChom mice (n ≥ 6 for each genotype; mRNA levels are presented as mean ± SD). (D) Immunohistochemical 
staining with antibodies recognizing α-SMA revealed the presence of increased numbers of activated myofibroblasts in colons of young (10 week 
old) and aged (1 year old) IKK2caIEChom mice compared with IKK2casFL littermates. Scale bars: 50 μm.
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Expression of IKK2ca in IECs strongly enhanced chemical carcinogen–































































Constitutive IKK2/NF-κB activation strongly synergized with Wnt signal-












Downloaded from http://www.jci.org on June 12, 2015.   http://dx.doi.org/10.1172/JCI45349
research article





























Spontaneous tumor development in the colon and SI of aged 
IKK2caIEChom mice. Our results showed that epithelial-specific 
expression of IKK2ca strongly enhanced tumorigenesis in dif-


























IKK2caIEChom mice exhibit increased sensitivity to DSS-induced colitis. (A) IKK2caIEChom mice showed more severe weight loss compared with 
littermate controls in response to administration of 2% DSS (n ≥ 10 per genotype; data represent mean ± SD). (B) Histological cross sections 
of the distal colon of mice sacrificed on day 8 showed moderate epithelial damage and inflammation in IKK2casFL animals, while IKK2caIEChom 
mice showed strong inflammation and extended tissue damage in the colonic mucosa. (C) qRT-PCR demonstrating increased expression of 
proinflammatory factors in distal colons of DSS-treated IKK2caIEChom mice compared with IKK2casFL controls (naive mice, n = 5 per genotype; 
DSS-treated mice, n = 10 per genotype; mRNA levels are presented as mean ± SD). Scale bars: 50 μm.
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IKK2caIEChom mice display strongly enhanced tumorigenesis in response to AOM treatments. (A) IKK2caIEChom and IKK2casFL mice were injected 
with 10 mg/kg AOM and given 1.5% DSS in drinking water for 3 days followed by regular drinking water (n ≥ 9 per genotype; data shown as mean 
± SD). (B) MEICS determined on day 26 revealed severe colon inflammation in IKK2caIEChom but not in IKK2casFL mice (n ≥ 6 per genotype; data 
shown as mean ± SD). (C) Endoscopic analysis on day 65 revealed pronounced tumor formation in the distal colons of IKK2caIEChom but not in 
IKK2casFL mice. (D) Histological analysis of colon cross sections revealed the presence of advanced adenomas showing loss of epithelial cell dif-
ferentiation and epithelial stratification in IKK2caIEChom mice. In contrast, the colonic mucosa of IKK2casFL mice appeared normal. (E) Histological 
tissue sections from AOM/DSS-treated IKK2caIEChom mice showing colonic adenocarcinomas as identified by invasion of epithelial tissue into the 
submucosa (indicated by arrows). (F) IKK2caIEChom and IKK2casFL mice (n ≥ 8) received 5 weekly injections of 10 mg/kg AOM and were sacrificed 
13 weeks after the first injection. Histological cross sections revealed the presence of tumors displaying pronounced epithelial hyperplasia and 
early dysplastic lesions in both colon and SI of IKK2caIEChom but not IKK2casFL mice. Scale bars: 50 μm.
Downloaded from http://www.jci.org on June 12, 2015.   http://dx.doi.org/10.1172/JCI45349
research article
	 The	Journal	of	Clinical	Investigation      http://www.jci.org      Volume 121      Number 7      July 2011  2787
Figure 5
Heterozygous IKK2ca expression in 
IECs strongly enhances tumorigenesis 
in Apc1638N mice and results in early 
tumor formation in the colon and the SI. 
(A) Macroscopic analysis of intestines 
from 4-month-old mice showed that all 
Apc1638N/IKK2caIEChet mice examined 
(n = 11) had developed at least 1 mac-
roscopically visible tumor in the colon 
and also multiple clearly identifiable 
polyps in the proximal half of the SI. 
Littermate Apc1638N/IKK2casFL mice 
(n = 6) did not show colon tumors, while 
only 2 out of 6 animals examined bore 1 
or 2 small polyps in the pyloric region of 
the SI. IKK2casFL (n = 9) and IKK2caIEChet 
(n = 11) mice did not show tumors in 
either the colon or the SI. (B) Histo-
logical analysis of colon sections from 
Apc1638N/IKK2caIEChet mice revealed 
the presence of tumors showing hyper-
plastic and dysplastic crypts with mul-
tilayered undifferentiated epithelium. 
Histological analysis of proximal SI 
sections from Apc1638N/IKK2caIEChet 
mice revealed the growth of polyps that 
harbored aberrantly shaped, dysplastic 
crypts showing epithelial stratification 
and lack of differentiation. Histologi-
cal analysis of colon and SI sections 
from IKK2caIEChet and IKK2casFL litter-
mates did not reveal the presence of 
tumors. (C) Immunostaining for Ki67 
revealed increased proliferation of 
epithelial cells in adenomas from the 
colon and SI of Apc1638N/IKK2caIEChet 
mice, whereas Apc1638N/IKK2casFL 
mice showed a normal Ki67 stain-
ing pattern. (D) Immunohistochemical 
analysis revealed strong Sox9 expres-
sion in all epithelial cells in colonic and 
SI tumors in Apc1638N/IKK2caIEChet 
mice. In contrast, Apc1638N/IKK2casFL 
mice showed normal Sox9 staining, 
with Sox9-positive IECs in the base 
of the crypts and the transit-amplify-
ing compartment in both tissues. Scale 
bars: 50 μm.
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Increased β-catenin activity and perturbation of the stem cell com-
partment in the intestine of IKK2caIEChom mice. To  investigate  the 
early mechanisms  by which  IKK2ca  expression  drives  intes-
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IKK2caIEChom mice spontaneously develop intestinal tumors. (A) Aged (≥48 week old) IKK2caIEChom mice showed endoscopically detectable 
colon inflammation, reflected by a heightened MEICS. (B) Representative endoscopic pictures of 1-year-old IKK2caIEChom mice, showing the 
presence of tumors exhibiting pronounced vascularization in the distal colon. IKK2casFL littermates did not show colon inflammation or tumors. 
(C) Histological analysis of colon cross sections showed the presence of tumors in 10 out of 17 animals examined, characterized by thicken-
ing of the mucosa, epithelial hyperplasia, aberrantly formed crypts, and inflammation. (D) Immunostaining for Ki67 showed strongly increased 
proliferation of epithelial cells in dysplastic and hyperplastic lesions in the colon and SI from IKK2caIEChom mice. Immunostaining for Sox9 also 
revealed strongly increased Sox9 expression in epithelial cells in colonic and SI tumors. IKK2casFL littermates showed normal Ki67 and Sox9 
staining in the colon and SI. Scale bars: 50 μm.
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Increased β-catenin activation, hyperproliferation, and elevated stem cell factor expression in IECs from IKK2caIEChom mice. (A) Immunoblot 
analysis on cytoplasmic and nuclear extracts from colonic IECs showed increased levels of β-catenin and active N terminally nonphosphorylated 
β-catenin in 8-week-old IKK2caIEChom compared with IKK2casFL mice. (B) Immunofluorescent staining for Ki67 reveals increased IEC proliferation 
in the colon of 10-week-old IKK2caIEChom mice, where the proliferating cells were extended toward the lumen. Whereas in control ileum, mainly 
the TA cells showed Ki67 staining, all crypt cells were Ki67+ in the ileum of IKK2caIEChom mice. (C) Immunohistochemical staining revealed 
increased numbers of Sox9-expressing IECs in the colon and SI of 10-week-old IKK2caIEChom compared with IKK2casFL mice. Paneth cells and 
stem cells were not identifiable with Sox9 staining in SI crypts from IKK2caIEChom mice. (D and E) qRT-PCR analysis showed increased expres-
sion of intestinal stem cell factors in the colon (D) and in the SI (E) of 7- to 8-week-old IKK2caIEChom mice compared with IKK2casFL littermates 
(n ≥ 6 per genotype; mRNA levels are presented as mean ± SD). (F) qRT-PCR analysis showed increased expression of DLK1 in the colon 
and in the ileum of 7- to 8-week-old IKK2caIEChom mice compared with IKK2casFL littermates (n ≥ 6 per genotype; mRNA levels are presented as 
mean ± SD). Scale bars: 50 μm.
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result considering previous studies reporting that IKK2 negatively 
regulates β-catenin activity (54). Although the precise mechanisms 
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m1;  IL-12  p35,  Mm00434165_m1;  IL-12  p40,  Mm99999067_m1; 
IL-23  p19,  Mm00518984_m1;  IL-17F,  Mm00521423_m1;  TGF-b1, 
Mm03024053_m1; Cox2, Mm00478374_m1; TSLP, Mm00498739_m1; 
Ascl2, Mm01268891_g1; Olfm4, Mm01320260_m1; DLK1, Mm00494477_
m1;  Lgr5,  Mm00438890_m1;  CD133,  Mm00477115_m1;  Gapdh, 
Mm99999915_g1; TATA box binding protein; and Mm00446973_m1.
Primer  sequences  for  SYBR Green qRT-PCR were  obtained  from 
PrimerBank  (http://pga.mgh.harvard.edu/primerbank/index.html): 
Bmi-1  for TATAACTGATGATGAGATAATAAGC, rev ATAAGTGGT-
TACAGGAAGTC;  TnfRsF19  for  ATTCTCTTCCTACTCCACCTG, 
rev  CATAGCCGAAGCCACATTC;  CD44  for  TCTGCCATCTAG-
CACTAAGAGC,  rev GTCTGGGTATTGAAAGGTGTAGC;  IKK2  for 
CTGAAGATCGCCTGTAGCAAA,  rev  TCCATCTGTAACCAGCTC-
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